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The California citnis industry ranks second to petroleum 
as a basic source of wealth in the State. During the past 
10 years it has returned to the State an average of $103,- 
000,000 per year. The value of the crop delivered to the 
markets averaged $144,000,000 per year during the same 
period, an average of $41,000,000 per year being paid to the 
railroads for freight and refrigeration. Returns to the 
State in 1930 were $135,000,000 and the delivered value of 
the crop was $175,000,000. In  1929, a large crop gear, 
the bill for freight and refrigeration was $51,000,000. The 
industry furnishes livelihood for 200,000 people in Cali- 
fornia, only half of them growers and their families, and is 
the principal support of many cities and towns in the fniit- 
growing districts. 

More than one-half of the $41,000,000 annual freight 
bill is said to go directly to railroad labor for wages. 
Production of lumber and nails for boxes, paper wraps for 
the fruit, fertilizer, pest-control, and frost-protection 
supplies for the orchards employ other thousands. In 
1937 the industry spent $30,000,000 directly as wages to 
labor, divided roughly, $23,000,000 in the groves and 
$7,000,000 to paclring-house workem. Orchard supplies, 
including fertilizers, water, pest-control, and frost protec- 
tion, cost $32,000,000 and packing-house supplies $10,- 
000,000. 

Crop failure from any. cause spells disaster to .whole 
communities and materially affects the prosperity of 
people far distant from California. Crop failures also 
result in higher prices for both California and Florida 
fruit to the consumer, the same amount of fruit costing 
many millions of dollars more than in years when fruit 
supplies are plentiful. During the earlier history of the 
citrus industry, before the development of orchard heating, 
not only the crops but the trees were subject to constant 
threat of damage or destruction by low temperature. 

The climate of citrus growing sections in California is 
subtropical m general, but there are marked climatic 
differences between different districts. In  intenor dis- 
tricts most of the groves are located on the slopes of the 
lower foothills, but near the ocean there are large acreages 
located on almost level ground. Early experiences 
taught the growers not to plant citrus trees on the low-est 
ground in interior districts, although recently more and 
more plantings have been made in the colder sections, with 
reliance on orchard heating to prevent frost damage. 
Better soil and lower lrrigation costs on the lower ground 
offset to some extent the greater costs of frost protection. 

Frost protection l though orchard heating began in 
California about 1897, when a few growers began to burn 

1 See U. S. Department of Agrlculture Farmers' Bulletln 1585, Frost and the Preven. 
tion of Frost Damage, for detailed information regarding frost protection methods. 
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coal in crude baskets made of c,hicken wire liung in trees. 
Prote,ctive niethocls improved arid acreage equipped with 
heaters increa.sed slomly until about 1913, and more 
rapidly thereafter. -4 survey made during the winter of 
1937-38 showed 92,000 acres, or 29 percent of the total 
California citrus acreage, equipped witch orchard heahrs, 
requiring 2,860 carloads of oil for one filling. Oil storage 
tanks built esclusively for orchard hea,ter oil in the citrus 
disbricts had a total ca.pa,citg of more t h m  86,000,000 
gallons. 

Damagingly cold periods in California citi-us districts 
are divided into two classes, frosts and freezes, but the 
classification of individual cold pe.iiods is sometimes 
difficult. True frosts are quite local in character, low 
temperatures being due mainly to radiational cooling 
after sundown. Range between day and night temper- 
atures usually is large, sometimes as much as 60' F., 
strong temperature inversions build up during the night, 
and orchards located on hillsides are much warmer than 
those on the valley floor. Due to the strong temperature 
inverdons near the ground, any wind of more than 4 
miles per hour will cause an increase in surface tempera- 
ture as a result of the mixing of relatively warm air a t  
moderate elevat'ioiis with the colder air in the orchards. 
Orchard heating under such conditions is very effective. 
Temperatures as-low as 20' F. have been registered in 
citrus groves dunng purely loc.al frosts. 

Freezes are due mainly to the influx of great, nia.sses of 
cold air from the north or northeast, although radiational 
c,ooling after sundown also is an iniportsnt factor. Freeze,s 
are more general tha;n frosts, although in fome small 
areas severe damage is usually prevented by wind, the 
e,ffects of local topography, or proximity to the ocean. 
Diurnal temperature range is sinall, temperature inver- 
sions we& and shallow, and orcha.rds in the foothills 
often are colder than those on the valley floor. Although 
extremely low. temperatures seldom occ.ur when wind 
continues steadily a!l night, the effe,c.tiveness of night winds 
in raising or preventing a fall in temperature usually is 
slight, due to weak temperature inversions. Maintemnce 
of safe temperatures in the orchards through orchard 
heating usually is very difficult during freezes, due to air 
movement and wea,k inversions. Although local frosts 
cause some dama.ge to c.itrus crops practically every winter, 
severe freezes occur only a t  intervals of 10 to 15 years. 
So disastrous have been the effects of past freezes that 
they stand out prominently in the history of the c.itrus 
industry. 

While fragmentary account.s of early freezes have come 
down through the years, lit,tle or nothing is known of 
temperature or meteorological conditions accompanying 
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them. In  December 1891 a ‘‘Fretit dis:tster” was reported, 
“preceded by a Santa Ana wind tlie like of which line 
never been wen before or since.” Trees were described 
us glowing with phosphorescence, aiid “balls of fire leaped 
from tree to tree.”? The winter of 1897:08 also is snit1 
to h n w  been extremely cold. fit, .- A- . 

On .Janu:iry 6, 7, :tnd S, 1913, occurred the heaviest 
freeze since IriSY,” breaking all records for low tempei- 
tLture at a number of places in the State. Tlie lowest 
tempertitiire a t  Los Angeles equnllecl the previous recorcl. 
aiitl at Sari Diego (I 64-year record for low teniperaturr 
wis broken. Thi.3 freeze is the first about which there is 
tiny detailed nieteorologicnl information, although ti.ccu- 
rate orchard tenipernture records tire almost entirely 
Iricking. 

The nest f r e r ~ e , ~  1%-hich occurrecl, January 19 to 34, 
1922, vvas not so severe as that of 1913, but caused great 
damage to both fruit tmd trees. The crop was reduced 
by approxiniatrly 20,000 carloads, resulting in n loss of 
freight, revenue to the railroads of about $10,000,000. 
1 lany individual growers riot only lost all their fruit, but 
their orchards ns well, nltliough clue to incre:isecl prices 
i eccivetl for marketable fruit, the total return for the crop 
to California was only $12,000,000 less than for the pre- 
vioiis sessoii. Orchard heating proved so successful 
tillring this freeze that a great increase in protected 
acreage followed. 

Another freeze occurred in 1924, but its seve~ity wis 
much less than the freezes of 1913 and 1923. On Decem- 
ber 9 to 15, 1932, an extremely heavy freeze occurred in 
Sacramento Valley citrus districts, in the northern part 
of the State, with orchard temperatures as low as  10.5’ F. 
registered in tlie coldest groves, but it failed to reach the 
southern part of the State. A series of unusually mild 
winters followed up to aiid including the winter of 1935-3ti. 

On the basis that  se\-ere freezes had occurred in tlie 
past every 10 to 15 yews, fruit growers were warned 
repen tedly in published nrticles and at public gatherings 
that the mild weather of 1936 should not cause them to 

overdue. Weather Bureau surveys had shown an alarm- 
ing deficiency in orchard heater fuel storage facilities for 
carrying through a freeze, and every possible effort wns 
made to acquaint the public with the seriousness of the 
situation. Tlie danger was strongly eiiiphasizecl in 9 
difl’erent articles publislied in grower magazines as well as 
in frequent newspaper articles, and also was brought 
directly to the attention of growers and packing-house 
managers at  iiiore thnn a hundred meetings called to 
discuss orchard heating problems. These efforts resulted 
in an increase of nearly 20,0~~0,000 gallons in oil-stol.age- 
tank capacity in the citrus districts, but statistics showed 
total heater oil storage to be still far short of mininiuni 
safety requirements. Offici& of cooperative purchasing 
organizations charged with the responsibility of securiiig 
fuel for the growers therefore awaited the inevitable 
freeze in n far from tranquil state of mind. 

The month of November 1936 wis warm, with but one 
light frost and only light scattered orcliarcl heating for 
lenions in one small area. Light to inoderate frosts were 
frequent during December, with some orchard heating 
necessary on 5 nights. From the night of December 31 
to the night of February 1 moderate to heavy frost oc- 
curred at some point in tlie citrus growing districts on all 
but two dates. 

relas their vigilance, and that a severe freeze actu a 11. v w‘&s 

1 Static electrical effects due tohigh wind velocity and extrernnh low humidity. 
3 9ee“Noteson the 1Y2” Freezein Southern Callfornia.” MONTHLY WEATHER REVIEW 

November 1923, pp. 581-5435. 

The first definite indiclttioii of an impeiicling freeze was 
noted on the wenther chart, for January 4, and advisory 
warnings were given to packing-house managers. On 
J:innary 5 packing-house niantigers were urged to fill up 
:ill orchard heater oil storage tanks and to make all otlier 
necessniy preparations for a freeze. This wernirig wns 
amplified on t>lie 6th nnd given wide distribution to mil- 
ro:ds, oil cwip:jIiies, etc. A severe freeze, comparable to 
the freezcb of 1932, was forecast. 

Supplies of o w h a d  hen ters in Pacific Coast wurrhous~s 
were eshaustecl within a few hours after the first warning 
was macle public. hlany orch:irrls, including one owned 
by the State of California a t  Whittier, were protected 
t81iroughout both ,January freezes with heaters purchased, 
transported to the groves a n t 1  filled with oil betweeii the 
time of the first wirning and the beginning of the first 
freeze. IVlierever possihle m n  ture fruit w~is  hurriedly 
picked from trees mid hauled to packing lioiises, although 
in Tidare County and some ot1ii.r lociilities fruit could riot 
be picked becituse of rnin which imniecliittely preceded 
thr freeze. 
:I vigorous low-pressure area centered over nortliwest- 

erii Wnsliington on Jttnuary 4 inovecl rtipidly sonth-soutli- 
e:istwucl, reaching northern Arizona on the evening rJf 
the 6tli, bringing modernte to heavy rthis to all of Cali- 
fornin. Cold pol:ti-continentul air followed in its wnke, 
reaching northern Ciilifornia on the morning of the ‘7 tli 
ti~id the Imperial Valley on the night of the 8th. The only 
citrus districts to feel the effects of the freeze on the night, 
of tlie Rtli-‘ith were those in the Sacramento Valley. 
Temperatures there held up well until morning, but 
dropped to 23’ F. between 5 a. 111. and sunrise. The 
freeze spread to the San Joaquin Valley on tlie following 
night and began to be felt in all southern California clis- 
tricts except the Imperial Valley, which was not reschecl 
until the night of the 8th-9th. Generally speaking, the 
night of the Sth-9th was the most severe of the entire cold 
period, although the freeze continued until the night of 
the 10th-llth, iincl temperatures in some districts were 
as low on tlie 9th-10th as on the preceding night. Snow 
xliicli fell in tlie Rednnds district on tlie night of the 
6th reinttinecl on the ground in foothill orchnrtls until the 
11th. Notes on the indiviclual nights of this freeze are 
given below for difl’erent districts. 

January 6-7, 19S7 

Sacronmtto l h l l e i /  district.-Clear; strong north wind slackened 
between 5:OO and 7:OO a. m. with rapid temperature fall fro111 27’ 
t o  23‘. Henvy firing for lemons began about 1130 pm. 

January 7-3, 1937 
S’acramcvlo t’a1le.y di.sfTict.-Ice on puddles increased in tliichnrss 

all day. Clear; btrong iiortherly wiud all night, despite niiicli the  
teinperature fell to  1s’ in spots. Heavy firing began at 11  11. ui. 

S a n  Joaqicin I‘ulley district.-Clear: heavy general firing began 
before 7 p. 111. Lowest temperature in district 18’; average minimum 
all atations 24’. 

Banla Paula dr~frict.-Clear except for a few clouds at intervals. 
Considerable rv ind  over most of the district, with most stations 
regirterine; niininiriiu temperatures between 30’ and 33’. Scattered 
inoderate firing besan about 10 p. ni. Lowest temperature 25’. 

A’oidhcrii Cnlifo, ,Iin.-Consider:tl)le broken cloudiness during the 
day, with rain aqunlls near the mountains. Considerable cloudiiiess 
during the early part of the  night, varying in different districts: 
Moderate firing tiegau between midnight and 2 a. m. in the  Azusa, 
Pomona, Uplaud, and Redlands districts, and in the Lo8 Angeles 
County portion of the Whittier-Orange County district. No firing 
in ceutral and southern Orange County, and only light, scattered 
firing after 5 a. 111. in t h e  Corona district. Temperatures in the 
Imperial and Coachella Valleys remained above freezing all night. 
Lowest temperatures by districts: Whittier 25’; Azusa, Upland, and 
Corona 24’; Pomona 23’; Redlands 22’. 
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January L 9 ,  19.Si 

Sncrnnien.to Valley distric!.--CIear: inoderate t,o frrsli i!ortherlJ 
wind died out coinpletelp ahout 1 :20 a. m., after which teniprrature 
fell rapidly from 27" to  15.5' a t  5:30 a. 111. Heavy firill$ after 
midnight. 

S a n  Joaqiiin Jyalley distric/.---C'ie:w; heavy gciitwl firiiig I J V ~ H . I I  
before 7 p. in. 

Snnta Paula district.-C!Iwr; a-iiitl o\;er iriost of district lield ieiii- 
peratures 1ien.r or abnvr 32" at iiiost stations. Ileltvy tirinq I,eg:ti~ i l l  
sectiulis sheltered froni t,!ie \riiKt HlJolit i::%i 1,. 111. Imn.rst, teI1ipi~r:i- 
titre in district 21'. 

Southern C~7li'ornin.- Clear tu I)srt.ly chloiidy iliiririp( r h y :  r l m r  
all night. Wind kept t e ~ i l p c ~ s . t ~ r r  above d a n g u  pirint i n  Orauyr 
County from Frillcrton south to  Auaheini, Oraiige, aid Santa Alia. 
and caused strongly tliictuatiiig trnipera.tiirc i n  all other seeticitis. 
Heavy geiirral firing hepail betn.reii f i  1,. n i .  aiitl 7 1). in. i n  the 
Pomona, Uplaiid, Azirsa, and Hcrllancic; districts. anti i r i  the J,os 
Angeles County portion of the Whit.t,ier dist,rict, northt.ni aiirl 
extreme aorit.lierri Change Chiliit?. Matlerate general firirig Iwgaii 
in t.he <brona dist,rict, about. 10 11. in. Idowest teinperatrirt~s by  dis- 
t,ricts: Whitt,ier, Aziisa, Ponioiin, and T'pland 22'; C'orona 21': 

1,owest t,eniperat,iirr i l l  districl 1s'. 

Redlands 18'. 
I ~ i p ~ r i u Z  a7id Coacl(r1la I'ccll~ys.~--Psrtly rloiid~ in mrly e\ ening. 

clear thereafter. Lowest teniperaturc in district 19'. 

Jnnirary 9-10, 198; 

Sacrnmento I'alluy drsh icl.---Ovtwnst sky all night. Snon bt~L[aii 
to fall about 4 a. in. and contiiiried for ahout 42 horirh. . h i o i i n t h  
varied from 1 to 3 inches in \iciriity of Oroville and Woodland t o  
15 to 18 inches in vicinity o f  Orlend and Hamilton City. I n  thr. 
latter districts the fall nas t h r  Ilea\ iest wcr recordrd there. 1,nnwt 
temperature in district 27'. 

Snrr Joaqiiin Trolley distric/.-C'lear, heavy gcwmtl firiiig u t  tbr 
entire district, !~e~,inning aI)uril S 11. in. Lowt~st tt~iiilrrrctt lire 20" 

Snntn  Poirln tlistrrc/.--C'lear, watteretl inoderate to l ieav~ tiring 
in  SPCJtM, heginning aboitt 7:30 p. 111. Wind held tciliperstiirt.  ah^\ e 
32' at many points. 
Southern C'aZi~ornia.--Clear shy day and night. M Ind held 

temperatures aho\T the danger point in Placrntia, 'I-orha Liiida, 
Fullerton, and Anaheim sertioiih, and caused widely Hiictuating 
tempersttires in most other districts. Moderate to heavy general 
firing in  areas sheltered from the ~ i n d  began about 5 1). in. in  thr  
Upland district, 6:30 p. m. i n  the Azusa, Pomona, and Retllanrls 
districts, S p. rn. in the Whittier distrirt, and 10 p. u1. i n  the C'oroiia 
district. J>owcst temperatures I)y districts: Poniona, ,4zitha, and 
Whittier 23'; Upland 22': Corona 21': Redlands 19'. 

Irripei ~ n l  ctrtrl Conchella I.'nlk!ys.-Clear; lonefit teniperatiire in 
district 2 1'. 

Lou est temperature in district 20'. 

Jariricrry 10-11, 19.7; 

s4'ncro Ttt B ~ I  to Vtcllr 11 d I stri ct .-0 vercast ; mow continuing; lowest 
temperature 32'. 

d S a r ~  Jonqictri i'ctllev t/tstrict.-Lonebt temperature 24'; no firing. 
Sccntn Puulri tliatxf.-Clear; light to  heaby firing in a few sniail 

areas, heginning aboiit S 1). ni. Temperature reinsined above 32' 
o\ rr most of district. 

Sortfhern C'nl,fot./irn.-Coiisiderahle c!oudineaR in the Whittier 
district and solile intermittent cloudiness in other 6ect:ons, during 
the early part of the night. Temperatures were iiiucii 1ont.r i n  
the interior than near the cuast. Light scattered tiriug hegaii 011 
low ground in the Azusa fiection about 5-30 11. in. Moderate srat- 
trred firing began in the Pomona and LTliland districth nbout 7 p. 111. 
Moderate general firing tJepxIi in  the Coroiis dihtrict abuut X: 1'. in., 
i n  southern Orange County about 10.30 p. in. ,  arid ill the reinsiridrr 
of the  Whittier district a lmi t  3:30 a. m. I Iea\y general firiiig 
began i n  the Redlands district about 7 p. ni. I,o\ve.it teniperatures 
by district-: Whittier 26,"; Pomona and Axura 24'; Corona 23'; 
Upland 22'; Redlands 21 . 

I r ) i p r r d  i l r i t l  C'ooctiellu 17ulleys.-Clear sky; lowest temperature 
2". 

Lowest teniperature 23". 

EFFECTS O F  FREEZE OF JANUARY 7-11, 1937 

Orchard heating in the Sacramento Valley was unusuttlly 
difficult due to the strong winds which continued most 
of the time on the coldest nights. In one lemon orchard 
the fruit was abandoned after the first cold night, and 
heaters were lighted thereafter only for the protection of 
the trees. I n  the largest lemon orchard in the district, 
however, heavy firing carried most of the crop through the 

4 Pr~cticslly no orchard heaters useCln this district Some protertion ohtsined through 
running irrlsation water In orchards and truck crop amas, and covering trucL crops *it11 
brush, paper, tules, etc. 
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No such difficulty was experienced in dealing with 
central cooperative purchasing organizations, oil companies, 
or the railroads. Every agency for the espedition of 
orchard heater fuel transport was instantly mobilized ancl 
all possible preparations were made for the second battle 
with the cold. Special railroad switching crews were 
placed in railroad yards near oil refineries to expedite 
movement of tank cars, special crews for loading cars 
were gathered, and every niotor truck equipped for fuel 
transportation was placed in service. 

The first eflects of the new freeze were felt on the night 
of January 19-20 simultaneously throughout the length of 
the California citrus belt, but there was considerable inter- 
mittent cloudiness during the night in all sections but the 
Sacramento Valley, and temperatures in general outside 
that section did not fall very low. On the morning of the 
20th a warning was given the widest possible distribution 
that the freeze would bring the lowest temperatures in 24 
years to southern California, and efforts to prevent failure 
of fuel supplies were redoubled. Generally speaking, the 
night of January 20-21 was the coldest in northern and 
central California districts, while the following night was 
coldest in southern districts. Day-by-day notes on the 
freeze by districts are given below. 

January 19-$0,193? 

Sacramento Valley District.-Clear; moderate t o  fresh north wind, 
decreasing in velocity at times after midnight. Heavy firing for 
lemons began about 11 p. m., and continued until 9:30 a. m. De- 
spite protective efforts all lemons brought through the  first freeze 
undamaged were badly frozen. Lowest temperature, 18'. 

S a n  Joaquin Valley District.-Considerable cloudiness during the  
first par t  of the  night. Scattered light firing began about midnight. 
Lowest temperature, 25'. 

Sanfa Paula District.-Some cloudiness at intervals, and intcr- 
mittent wind in spots during t h e  night. Quite general light t o  heavy 
firing over the  district, although temperatures remained above the  
danger point in some localities. 

Southern California.-Some cloudiness at intervals in nll sections 
during the  night, heaviest in Orange County. Moderate t o  heavy 
general firing began about 7 m. in Pomona and Upland districts, 
about 8 p. m. in Corona and g e d l a n h ,  and 9 p. m. in Azusa. Mod- 
erate firing began in the Whittier district about 10:30 p. m. north of 
Orange. No heaters were lighted south of Orange. Lowest teni- 
peratures by districts: Whittier, Azusa, and Pomona, 24'; Cwona 
and Upland, 22'; Redlands, 21'. 

Imperial and Coachella Valleys.-Wind and clouds maintained 
safe temperatures over practically the  entire district. Lowest 
temperature, 26'. 

January EO-d1,1957 

Sacramento Valley Disfrict.-Clear; moderate t o  fresh north wind 
practically all night in Maxwell lemon-growing district maintained 
temperatures above the danger point for trees, and since all fruit 
had been frozen, heaters were not lighted. Some firing after 
midnight for orange trees near Hamilton City. Lowest temperature 
in  district, 15'. 

General heavy firing began 
before 7 p. m. All unprotected fruit in district which might have 
escaped damage in first January freeze destroyed on this night. 
Fruit damage in iemon and orange groves equipped with orchard 
heaters varied from zero t o  heavy, depending on equipment, effici- 
ency of firing, and location. Complete defoliation of practically 
all unprotected lemon trees; some defoliation in many heated lemon 
groves. Unprotected orange and grapefruit trees 50 percent de- 
foliated in small areas, chiefly in southern portion of district; large 
areas showed no defoliation. Heaviest defoliation in areas with 
highest average winter minimum temperature. Lowest tempera- 
ture in district, 14', the  lowest official temperature recorded since 
establishment of Fruit-Frost Service in November 1922. 

Santa Paula DistricL-Some cloudiness and considerable wind in 
open sections during night. Light t o  heavy general firing began 
about 7 p. m., although minimum teniperatures over most of the 
district ranged from 28'to 31'. Lowest temperature in district. 21'. 

Southern California.-Considerable cloudiness up t o  midnight in 
all areas, continuing in some sections until nearly morning. Wind 
prevented temperature fall in some sections until 4 a. m., after which 
there was a sudden drop, which caught many growers napping and 
resulted in some damage in fired groves. Light scattered firing 

Lowest temperature, 22'. 

Sun Joaquin Valley District.-Clear. 

began in Pomona, Upland, and in the western portion of the Whittier 
district from 8 p. 111. to 8:30 p. m., becoming heavy between 4 a. m. 
and 6 a. m. Moderate general firing began in the Corona district 
about 1 a. m. and in the Azusa district at 4:30 a. m. Heavy general 
firing began in the Redlands district about 2 a. m. No firing in 
Whittier district south of Orange. Lowest temperatures by dis- 
tricts: Whittier, 22'; Upland, Pomona, Azusa, and Corona, 21'; 
Redlands, 16'. 

Znzperial and Coachella Valleys.-Wind and clouds at intervals. 
Lowest temperature, 25'. 

January 21-22, 1937 
Sacramenlo Valley District.-Clear until arrival of some alto- 

curnulu~ clouds about 2:30 a. m. Very little wind; temperature 
fell to  21' by 10:30 p. m. Firing for lemon trees began about 11:30 
p. ni. Lowest temperature, 18'. 

San  Joaquitt Valley District.-Clear; general heavy firing began 
before 7 p. m. 

S m l a  Paula District.-Clear sky; less wind than previous night, 
but sufficient in a few open areas t o  hold temperature up  t o  30" to 
32'. Light t o  heavy general firing, depending on location, began 
ahout S p. m. and continued until 10 a. m. Lowest teperature in 
district, 18'. 

h'oitlhern Ca1ijornia.-Clear; considerahle wind in some areas 
before midnight, but little thereafter. Temperature dropped 11' 
in a half hour in southern Orange County when wind lulled. Mod- 
erate to  heavy general firing began 4 p. m. to  6:30 p. m. in Upland, 
Redlands, Pomona, Azusa, and northern portion of Whittier dis- 
trict; 9:30 p. m. in Fullerton-Placentia section; 11 p. in. in Corona 
and southern portion of Whittier district. Lowest temperatures by 
districts: Azusa, 21'; Pomona, 20"; Upland and Whittier, 19'; 
Corona and Redlands, 16'. 

Imperial and Coachella ValZeys.--Clear; north wind died out in 
early evening. Lowest temperature, 12'. 

Lowest temperature, 17'. 

January 62-23, 1937 
Sacramento VaZley District.-Clear; northerly wind during most 

of thc night, with rapid temperature fall durinm lulls. Light firing 
for tree protection only began about 4 a. m. Zowest temperature, 
20'. 

San Jongitin Valley District.-Clear except for a few high clouds 
at long intervals. General heavy firing began about 7:30 p. m. 
Lowest temperature, 16'. 

Sovita Patrln District.-Considerable cloudiness during early part 
of night. Although firing probably was more general throughout 
the district on this night than any other during the freeze, mini- 
mum temperatures ranged from 29' t o  36' at many points due to  
wind. Light to  heavy firing, depending on location, was fairly 
general after about 10 p. m. 

Clouds began to 
break between 8:30 p. m. and 10:30 p. m., and sky was clear in all 
sections by 11 p. m. Considerable wind in some sections, notably 
in parts of Orange County. Lowest temperatures were well above 
the danger point in the vicinity of Anaheim, Olive, and Yorha Linda. 
hloderate to  heavy general firing began about 6 p. m. in Upland and 
Pomona districts; 7 p. m. in Azusa; 8 p. m. in Redlands and northern 
portion of Whittier district; and 11:30 p. in. in Corora and the 
southern portion of the Whittier district. I n  several sections the 
temperature dropped below the danger point while the sky was still 
overcast with low clouds. Lowest temperatures by districts: 
Whittier, 22'; Upland, Pomona, and Azusa, 20'; Corona, 18'; 
Redlands, 15'. 

Imperial and Coachella Valleys.-Cloudy first par t  of night; clear 
during latter part. Little wind. Lowest temperature, 12'. 

January 9344,1937 

Sacramento Valley District.-Cloudy during most of the night. 
No firing. 

San Joaquin Valley District.-Clear sky until toward morning. 
General heavy firing began about 7 p. m. Lowest temperature in 
district, 22'. 

Sun Paula District.-Clear sky except for a few clouds at long 
intervals. Considerable wind in some areas, holding temperature 
at 32' in spots. Moderate t o  heavy general firing, except in windy 
areas, began about 7:30 p. m. 

Southern California.-Clear all night in inland districts, bu t  con- 
sidershle cloudiness in districts nearest the ocean before morning. 
Cloudiness began in the Whittier district about 2:30 a. m., and in 
the Azusa district about 6 a. m. Considerable wind in all open 
sections, causing extremely spotted temperature conditions. Firing 
was light to  moderate, scattered in the Azusa and Whittier districts, 
beginning between 7 p. m. and 8:30 p. m.; and heavy general, 
beginning between 5 p. m. and 5:30 p. m. in Redlands, Upland, and 

Lowest temperature in district, 22'. 
Southern California.-Overcast sky all day. 

Lowest temperature in district, 26'. 

Low-est temperature, 22'. 
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Pomona, and 6:30 p. m. in the Corona district. Lowest tempera- 
tures by districts: Whittier, 24'; Aziisa, 23'; Upland and Poinona, 
22'; Corona, 20'. Redlands, 16'. 

Imperial and d'oachella Vul1eys.-Clear; little wind; lowest tem- 
perature, 17'. 

January 64-P6, 1957 

Sacramento Valley District.-Clear; some wind in spots. Light 
firing for lemon tree protection only began about 4 a. m. Lowest 
temperature in district, 21'. 

Sun Joaquin Valleg District.-Clear sky except for a few scat- 
tered high clouds. Light scattered firing began late in the night. 
Lowest temperature, 22'. 

Santa Paula District.-Intermittent cloudiness during much of 
the night, varying in different sections. Considerable wind in 
some sections. Minimum temperatures well above 32' at many 
points. Light scattered firing 3 t o  4 hours before sunrise. Lowest 
temperature, 26'. 

Soufhern California-Intermittent broken cloudiness during most 
of the night, heaviest in the Whittier district. Little wind. Light 

No firing in Whittier district. Light scattered firing began in 
Aziisa about 11 p. in. hloderate general firing in Corona district 
a ~ J O l l t  9 p. ni. Heavy general firing began about 9 p. m. in Upland 
and Poniuna, and 10 p. in. in Redlands. Lowest temperatures by 
districts: Whittier, 26"; Aausa, 25'; Pomona, 24'; Corona and 
Upland, 23'; Redlands, 30'. 

Imperial and Coachella Valleys.-Clear; little wind. Lowest 
temperature, 16'. 

January 66-27. 1957 

By this date  a low-pressure area in  the Pacific Northwest had 
spread sufficiently far snu.tliward to  cause southwest winds over 
practically all of California. Damagingly low temperatures con- 
tinued in the Imperial and Coachella Valleys, with the minimum 
for the district 20', but lowest temperatures iu other districts 
ranged from 26' to  29". There was light scattered firing in the 
Sants  Paula, Azusa, Poniona, and Redlands districts, beginning 
between 10 p. m. and miclnight, but  heaters were extinguished later 
in the night in most Iczalities when the sky clouded over. Heaters 
were not lighted in any other district. 

99w 99E 
.f I f i  \ 

FIGDRE L-Lowsst temperature recorded in citrus groves during 193G7 season in 
Sacramento Valley. 

scattered firing on low ground in the Azusa dietrict about 9 p. m. 
and in the northern portion of the Whittier district about 1 a. zu. 
Moderate general firing began in Upland about 6:30 p. m., Corona, 
Redlands, and Pomona about 9 p. m. No firing in the southern 
portion of the Whittier district or on high ground in the Azusa dis- 
trict. Lowest temperatures by districts: Whittier, 27'; Pomona 
and Azusa, 25'; Corona and Upland, 24'; Redlands, 23'. 

Imperial and Coachella Valleys.-Clear; little wind; lowest tem- 
perature, 20'. 

January 26-66, 1937 

Sacramento Valley District.-Considerable cloudiness in western 
portion of the district, with lowest temperatures above 32' at many 
points. Light firing for lemon tree protection. Lowest tenipera- 
ture in district, 23'. 

San Joaquin Valley District.-Some scattered cloudiness during 
the latter part of the night. Light scattered firing began late in the 
night. 

Santa Paula District.-Clear; wind in open sections. Lowest 
temperatures at many points above 32'. Scattered light t o  heavy 
firing began about 1 a. m. 

Southern Ca1ijornia.-Clear; little wind in most sections, although 
temperatures at a few individual stations did not drop below 32'. 

Lowest temperature in district, 24'. 

Lowest temperature, 22'. 

99w 99F 

us' 99 

FIGURE 2.-Total number of hour- the temporature mas 27' or lower 
uf Sncranwntu Valley durlng the 133t i3i  season. 

in the citrus groves 

January 67-38, 1957 

This night marked the end of the freeze. The only temperature 
Lowest 

There was 
below the danger point was 24' in the Imperial Valley. 
temperatures in other districts ranged from 27' to  37'. 
no firing in any district. 

COMPARISON BETWEEN 1913, 1922, A N D  1937 FREEZES 

Temperatures recorded in southern and central Cali- 
fornia cit,rus districts in January 1937 were the lowest 
since January 1913. In the Sacramento Valley lower 
temperatures were registered during the record breaking 
freeze of December 1932. While data are available from 
only a few points, i t  is possible to make fairly direct com- 
parisons between minimum temperatures recorded during 
the January freezes of 1913, 1922, and 1937, 
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Xhile, some of t,he tempe.rat,ure data in t,,zble 1 are not 
st,rictly comparn.ble becaiise of slight, c,lianges in the locu- 
tion of t.hermoniet,ers since 1 R13, t,liey tire t'lie best t h t  
are avnihble. Temp~mtares  a t  ICecllnnds, Riverside, 
Poriionn, and C!liiremont were, influenced in 1937 by 111n.s~ 
orchard henting in the vicinity of the st'ations. The 
tiinoritit of this effect on the minimum temperature is 
very t1ifir:iilt to est,irnate, brit probably WRS 1' or 2' a t  
Redla.ds,  4' titJ Riverside and Cln.rmiortt, ant1 5' ti b 
Pomona. At all points listed in t,lie tnhle locst,ecl in dis- 
tricts where there was little or no orchard Imtting in 1937 
minima. are lower t(ha.11 those of 1982, in some sections 
very much lower. 

The records indicate that minilnuin temperature.s in 
Sm Joaquiu Valley cit'rus districts were about the sm1.e 
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FIGPRE S.-Lowest temperatures re.corded in  citms grnvrs dui iug thc 1:3fi-:C seainn in \-enturn nnd Snn1.s Bhrhara C'ouutirs. 

or slightly lower in 1913 than in 1937. In southern C'nli- 
foriiin, however. all the evidence indicates that the teni- 
perature fell us low or lower in 1937 than in 1913. 

Dur:itiori of the 1937 freeze was definitely longer t!i:in 
either the 1913 or 1922 freezp, both in ceiitrnl and soiith- 
erii C'alifornin. I n  the Stili douqnin Valley tlie 1913 
freeze cont in id  4 days, Janusry 5 to 8,  incliisive. Ii1 
southern California it continued from 1 to 4 clays, de- 
pending on locality. 'The 1922 freeze continued for 6 
days in central Cnlifornia, arid from 4 to G days in south- 
erii California. During the two freezes of January 1937 

tlwre WTIY 10 tl:~;;s with ternpernturrs below the danger 
poilit in cwitrd C':ilifornia aiitl 11 chys iri soiitliern Cali- 
toruia. Considering both temperu ture ant1  tlurntion. tShe 
I $):<i freezes 1) rok  t i l l  linotvil recorcls in all California 
citrus districts ewept tliosp in  tlie S:icrtinipnto Valley. 

Iiiterisity of the freeze nnt i irdly  varied consirlrrably ill 
cliBereiit localities. Ficiires 1 to 1 0  show lowest, tempern- 
tiires registered during the winter of 1936-37, together 
with total number of hours t8he teniper:tture was 2TS or 
lower during the season, for all citrus districts in which 
the Keather Bureau Fruit-Frost Service operates. 
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Date (1937) 

JanuargR ............-~---..-.----~. 
Jaiiuwy 20 _._._ .__._ ~ ____._._._..____ 
January 21 .__._..._________._________ 

The inftux of polar air into California, particularly 
southern California, took place much more rapidly in 
1937 than in 1922, and was much longer sustained. Dur- 
ing the second freeze the stream of frigid air was very 
deep, which had much to do with the unusual length of 
the cold period. On the evening of January 19 the wind 
a t  12,000 feet was north-northwest 76 miles per hour a t  
SiLn Diego and north-northeast 75 miles per hour a t  
Seattle. On the following night the wind a t  the same 
elevation was north-northeast 66 miles a t  hf eclford a id  
north 52 miles a t  San Francisco. Even as late as the 
evening of the 24th winds a t  12,000 feet were froni 44 to 
4s miles per hour from the north in western Oregon and 
northern California. 

One of the most interesting features connected with the 
1937 freezes was the slight temperature inversion near the 
ground and the fact that in some districts orchards a t  
the highest levels in the foothills were above the top of 
the inversion. hl any orchards on the higher slopes, 
where the temperature had not dropped even to 32' for 
many years due to excellent air drainage, experienced 
temperatures far below the danger point not only for 
h i t  but for trees. As a matter of fact orchards at  high- 
est elevations on the north slope of the Great Valley of 
southern California registered the lowest temperatures 
and suffered the heanlest tree damage in the southern 
part of the State. This was due not only to  lack of in- 
version nhow the groves, hut also to increased wind 
movement, the fact that there was no orchard heating to 
windward, and the greater susceptibility to damage of 
the trees resulting from lack of frosts earlier in the season. v' 
A comparison between 1922 and 1937 tempernture inver- 

Station 46 Station 18 Station 45 Station 17 
1.025ft. 1.625It. 1,650ft. 2.150ft. 
m.s.1. m.s.1. m.s.1. m.s.1. 

~~~ 

22.3 24.9 23.0 
23.2 24.0 27. 1 
22.0 24. G 23.0 

22.0 
24.0 
21.0 
21.9 
32.0 
25.2 
29.0 

REDLANDR DISTRICT 

Date (1937) 

21. 1 
25.0 
m. 0 
1:. 2 
17.8 
22.0 
25. 4 

18.9 
24.2 
17.8 
18.0 
18.0 w. 0 
27.0 

18.0 
23.0 
16.0 
10.0 
15.0 
21.0 
26.0 

FIGWEB 'I.-Lowest temperatures recorded in citrus groves during the 1836-37 in southern California. 
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Minimum temperatures for the freeze period a t  higher 

elevations in the mounta.ins were: Mt. Wilson, elevation 
5,850 feet, 7' F.; Squirrel Inn, elevation 5,700 feet, 0' F.; 
and Seven Oa.ks, elevation 5,000 feet, Oo F. 

FORECAST8 

The value of w-eather forecnsts of any kind depends to 
a great extent on the tinieliness with which they reach 
the people for whom they are intended. An elaborate 
telephone frost warning system in use in 1922 broke down 
completely during the freeze of that year. Each grower 
reached with a warning immediately called his firing crew, 
his neighbors, his cooperative association manager, and 

State within a few minutes after the forecast had been 
completed, adequate dissemination of the forecasts would 
have been impossible. In addition to nightly broadcasts 
a t  8 p. m., giving every possible item of information 
which might assist the growers in their battle to save the 
crops, a brief statement was made a t  1:55 p. m. daily 
throughout the freeze periods. 

Conditions expected during the night, including cloudi- 
ness, wind, rate and character of temperature fall, 
deposit of ice on trees and fruit, temperature inversion, 
and time necessary to begin firing, together with a forecast 
for the following night, were given for 10 different fruit 
growing districts in the night broadcasts. Definite mini- 
mum temperature forecasts for 76 different temperature 

FIGUBE &-Total number of hours temperature was no or lnwer in citrus groves during the 193637 sermon in southern California. 

the Weather Bureau Office, causing a complete tieup of 
both local and long distance telephone lines. Much of 
the loss of fruit and trees suffered a t  that time might have 
been avoided had all growers been able to obtain the warn- 
ing promptly. 

Smce 1930 minimum temperature forecasts have been 
broadcast nightly during the frost season over a powerful 
Los Angeles radio station direct from the Weather Bureau 
Office a t  Pomona over remote control lines. Continuation 
of this arrangement by the Columbia Broadcasting Com- 
pany after its purchase of the station in 1936 was accom- 
plished in the face of great difhulties, due to chain 
program releases. Without this public spirited coopera- 
tion, making it possible to reach every citrus grower in the 

stations in the citrus districts followed. Temperature 
forecasts also were given to subscribers on request by 
central telephone operators in some localities, and were 
thrown on screens or announced over sound equipment in 
motion picture theaters. 

Increasing difficulty in obtaining orchard heater fuel 
and inability to maintain what they considered to be safe 
temperatures throu-h orchard heating caused many 
growers to become &scouraged during the second freeze 
and consider abandoning the fight. With this situation 
in mind the following broadcast to growers in southern 
California was made a t  1:55 p. m. on January 21. 

With the eastward passage of the southwestern low-pressure area 
a great mass of frigid air from interior western Canada has moved 
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southward and settled over the  Plateau Region and the Southwest. 
Temperatures this morning were below zero over practically all of 
the  interior northwestern quarter of the rountry, and i n  northern 
Nevada the temperature at 5 a .  m. was 30" below zeru, breaking the 
all-time record for t h a t  eection. 

Conditions this morning are very similar t o  those xvliich prevailed 
during the 1923 freeze, but it is espected that  the tempernture %-ill 

fall 2" or 3" lower in the coldest spots than i t  did in 1922. The 
lowest temperatures will be recorded in bheltered spots on the low 
e;round, and it is erpected that  they will be as  low a8 16" by morning. 
Temperatures in areas unfiheltered from northeast winds will be  
wiiirv hat  higher, hut even i n  windy sertions the teiiiperature will 
clrop t o  24'' {Jr 45O. Firing will begin iu  some locations by  5:30 
p. 111. s i i c l  will continue until at least 10 a. m. toniorrom. Growern 

M 
CONTOUR INTERVAL 50' FEET 

PIGUKE 9.-Lowest temperatures recorded in citrus groves s n d  wlnter truck crop areas 
in Imperial and Coachella Valleys. 

\ 

FICCRE IO.-Total number of hours temperature was 27' or lower in citrus groves and 
winter truck crop a r e s  during the 1936-3; .?.awn in Imperial and Coachella Valleys. 
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F I I ~ V R E  Il.--Cuntrsst between prutected and iinprotected iiiature lemon trees following 1937 freeze. Even tender I ) i i t l s  m ~ t l  blosxo~t~s 
i i i  protect,ed groves were ruidamaged. 
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who h a l e  tank wagons should have them filled and ready for artion less. Rpgiilar evcniiig hroadcastR over I i N S  were supplemented 
so tha t  heaters can be refilled during the night where iiecehyary. by bulletins to  sales orgsnizations and other central parties at 

Experience during the 1913 and 1932 freezes was tha t  conbider- frequent intervals throilghout the day. The general acciiracy of 
able fruit was salvaged in groves in which the heaters were kept all forec:tsts uss reninrkable. 
burning all night, even when the temperature could not be main- 
tained above the danger point. However, in caws where the The folloitrillg is cl11oted from letter from the LoS 
grower plans to  make no further effort t o  save the crop, the proh- Angeles Chlliber of Commerce: 
ability of severe tree damage should be kept in mind. 

V a h e  of the  ~~roat lcasts  was doubly nlanifevted because of 
tinued temperatures of 2 t i ~ ,  and .,4~ for long will Callfie the estreine irregularity Qf the temperature. Cbrtain localities 

complete defoliation and barB m.ill be split by experienced subnormal temperatures, aniplc n arriiiig of which was 
peratures of 19'. given, thereby making i t  possible to  be prepared. 

Severe foliage damage t o  mature orange trees is likely to  follow 
J long continued temperatures of 23O, and slniost complete defolia- 

tion and some bark splitting on branches has resulted from tenipera- 
tures of 18'. 

Toling trees are, of course, much illore susceptible t o  &1llsge, and 
the temperature bhould not be allowed t o  fall below 26O in  joung 
groves if all daniage is t o  be prevented. 

After the sun is high enough in the morning, heaters can tie 

below the danger point. 
Lowest temperatures toinorrow night will be only slightly- higher The nnlount of daniage to citrus crops by low tempera- 

than tonight, and present indications are tha t  this freeze will have ture is very clificult to estbiate. hly loss estinltlte in to wear itself out slowlv, with probably some iniprovenient each 
day, hut with firing for three more nights. percentage of tlie total crop must be based on an estimate 

of the size of the crop on the trees before the clamge took Advice to continue the battle and keep tlie heaters place. At end of the the California Fruit 
burning as long as  it was humanly possible to do so \vas C;rol\-ers Eschallge estimated the alnount of fruit rell- 

dered unfit for sliipnient through freezing injury a t  40 repeated in tlie evening broadcast. Its soundness I\ :IS 

to fruit or trees in grows 11e:tted consistenth devi le  Al,prosimate~y of tl,e State Na,rel  range crop temperatures which nppenretl to be considerrtbly below hncl been piclcecl before first freeze Nillety 
percent of the Navel crop in tlie Sxn Jonquin Valley had the danger point . 

The load on the telephone lines was estreniely Iieavy llnrvested. As Iiearly as be citrus 

casts by radio. Requests for eliniination of social tele- approsiniately 3o per.cellt of the total crop on t,lle trees at 

cent dnniage b~ the 1913 freeze and 50 percent by the 1932 protection business were hrortdcaqt by telephone compriny 
officials. Telephone exchanges in citrus districts carr id  freeze. 

The 1937 loss of citrus fruit through freezing damage loads from 80 percent to 90 percent above nornial througli- 
w'os 16,000,000 boxes, or 35,000 cnrlontls. hi addition to out the freeze periods. On January 21 all records for 
the fruit rendered valueless except for bpproducts, i t  is traffic volnme were broken a t  Pomonn, with 94,000 calls, 

and at Covina 40~90" cnlls. of estiniated tliat npprosima tely 10,000 c:irloncls of fruit \\-:Is -4ssociated Telephone Company reports: damaged slightly, necessitating its inarlreting in lower 
A noticeable falling otf of telephone traffic OCClirs just I)re\ 1 w h  grades whicll sold at  a low-er price tllnri undamaged fruit. 

to the evening broadcast. On rold iiights this is ~niint.clintely 
followed by a rush of calls as ranchers call for a ~ s i ~ f a ~ c e ,  bu-intm to estirllate the vallle Of the 
I I I ~ I I  call for clerks t o  ro\Pr ~iierchandise, and hou\e\{iveh call fruit chnl~ged by low tenlPerat11res, since the price Per 
neighbors and friends to  prepare to  protect furrii~hiiig5, ctc. Social*, box was considerably higher than it would h v e  been if 
biisiness meetings. even cliurch services, nre quite generally stol)j?eri the elltire on the trees hefore tile freeze been 

shipped. Actuall>- the 1937 crop hroiiglit, to California to listen t o  the  broadcast during critical periods. 

At Poinona three telepliones were kept bus?. conetnntly approxilliatply $<),000,000 less tllnn the crop of tile pre\ ~1011s * 

throughout the period of the two freezes, and telephones season. The 19x7 crop, 30 percent less in yolume than 
a t  nine other fruit-frost, district henclquarters in the field the 1936 crop, brollrht 0111~ 8 percent less return. In  
were similarly- busy. The estrerne nervous tension under other worcls, the Califorllia crop alone cost consumers 
which gr0w-s and their fandies were laboring w.w re- nearly $ S . ~ , O O ~ , O O O  more because of the freeze, btisecl on the 
flected in their voices. In  ninny cases women burst into per box co11sllnler cost of the 1936 crop. Prices for the 
tears after obtaining the forecast by telephone. Florida crop were increased proportionately, making the 

The Board of Directors of the Califomin Fruit Growers totnl cost of the freeze to the ConSlllller probably in  eycess 
Exchange in a resolution commending t'he forecasting of $ ~ o , o o o , ~ o ~ .  If there had bee11 no frost protection in 
work stated in part: C!nlifornia the 1937 crop would have been reduced in size 

The interpretation of weather data  * * * resulted, as ~ s u a l ,  much more drasticnlly, and prices to the consllliier \%-Odd 
in forecasts so accurate tha t  not only could crops be saved through have beell much higher. 
heating, biit by proper timing considerable fuel oil could be saved If tile $0,000,000 loss to CnliforliiR grolvers due to 
far the next emergency, which was vital dnring such long periods 
of low temperature, both the standpoillt of costs and conscr- the freeze hncl  bpen evenly distrihi~tetl, the resid t s  would 
vation of fuel Sl ippl~.  not, have been very serious. As a intitter of fact, however. 

cooperRtil,e many growers witliont, frost protection equipment, R S  well 
citrus marketing aaency, published the fo~ox+lg in its as a few who spent, large nmounts for frost protection b1lt 

mho were unable to Recurt' sufficient fuel to cnrry through grower magazine: the entire freeze, lost their entire crops, while others, 
It is beyond doubt t h a t  the work of the frost protection and noti- whose crops were u I l~amagec~ ,  nctually profited by the 

fication program of the United States Weather Biireau at Pomona highly efficient. Had all of the factors in frost heen freeze. Trees in many groves were severely dtimnged, alitl 
as well organized as this, the  loss undoubtedly would have been much in a few cases entire orchards were frozen to the grollncl. 

Mature lenlon tree follnge damage ~ ~ ~ 1 a i i y  starts at lollA 

colltinued 
J about 50 percent defoIiatioI1. T\,,e1,ty-tllree degrees will CaUse tha t  ]lad pre\ io i l s l~  tieen t11owllt t o  be exemlit froill frost danlage 

From the \?littier Stnte Sc1iool: 
It was through the mrarning of the approachillg frigid wave that 

this institution purchased its first heating uriitb for the citrus grove, 
and, of coiirse, n e  were successful in saving not only I~ractirally all 
of the fruit, but  we eliminated tree darnage as nell. 4 

extinguished even though the  thermometer still reads slightly DAMAGE CAUSED BY FREEZES 

demonstrated in hundreds Of cases of little or no lltlmage percellt of the crop oll the trees ,vlierl the freeze began. 

the freeze despite the tiissemirlntiorl Of the fore- fruit rellclered uIlfit for shipment by tile freezes represented 

phone so that lines coilid be for frost the beginning of the SpaSon. This conlpares with (32 per- 

J t  is even Illore 

The ~ ~ , , t l l a l  Orange Distri~lltors, 
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Costs of replacing valuable orchards which were destroyed 
and rehabilitating orchards frozen back almost to the tree 
trunks also are very difficult to estimate. 

Daniage in general was astonishingly slight, considering 
the temperatures and low temperature durations. Dani- 
age to fruit was 20 percent less than in 1922 and tree dani- 
age also was much smaller, despite the fact that the 1922 
freeze was much less severe in all respects. Reasons for 
the smaller amount of damage in 1837 than in 1922 are 
obvious. The tremendous increase in acreage equipped 
with orchard heaters since 1922 and the much greater 
efficiency with which frost protection operations were 
handled were undoubtedly the greate9t factors. Eflects 
of “mass heating” also were very important. Unprn- 
tected orchards located to leeward of heuvily fired groves 
receivecl much benefit from drifting heated gases, :ind all 
unprotected groves located in areas in 1% hich more thnn 
70 percent of the acreage was equippd with heateis 
received a large amount of protection. In ma~iy  cases 
such groves showed no damage to trees or fruit following 
the freeze. It is believed the heavy orchard heater smoke, 
which covered rriost of southern California throughout 
the duration of both freezes, ninterially reduced the 

.’ amount of damage through shading trees ltnd fruit from ‘ the sun during the da . This conclusion is bnsed entirely 

the past 25 years to support it. 
Weather preceding the 1923 freeze was warm both day 

and night, with frequent warm showers, niaking both 
trees and fruit particularly susceptible to low-temperature 
damage. Following the 1922 freeze the sky was clear, 
with bright sunshine, and day temperatures rose quickly to 
75”. Damaged fruit began to drop from the trees within 
two days after the freeze had ended, and damaged foliage 
quickly curled and dried. 

During December 1936, on the other hand, frequent 
light to moderitte frosts hardened trees and fruit. Day 
temperatures were unusually low, remaining below 60’ a t  
Fomona from December 23 to the end of January. There 
was much cloudy weather, with frequent rains, which 
slowed tree growth. Cold rains immediately following the 
freezes appeared particularly to benefit trew whose foliage 
had curled badly and gave every indicat~on of losing all 
their leaves. In  contrast to the extremely unfavorable 
weather before and after the 1922 freeze, the weather which 
preceded and followed the two freezes of January 1937 
could hardly have been more favorable. 

Damage caused by the 1937 freeze was of course not 
confined to oranges, lemons, and gmpefrult. Practically 
all the lime trees in the State were completely defolil~ted 
and many were killed. A large percentage of the avocado 
acreage suffered heavy foliage damage, and the crop was 
reduced by 33 percent. The stems of mature avocados 
were frozen in many cases with little or no damage to the 
fruit, but weakening of the stems caused the fruit t>o fall 
from the trees, resulting in a flood of fruit which had to be 
marketed immediately after the freezes had passed. 

The cut flower industry of southern California, which 
normally ships from G to 13 carloads of flowers per day, 
suffered a loss of $200,000 due to the cold. Loss to winter 
truck crops of the State was estimated a t  approximately 
$2,000,000. California normally ships about 500 carloads 
of vegetables per day during the winter months. Follow- 
ing the freezes not only were shipments cut off, but it 
became necessary to import vegetables into the State 
from Mexico and Florida to supply local demand. Prices 
of fresh vegetables increased from 50 to 100 percent, and 
prices of canned vegetables also advanced sharply. All 

on observation, but t l ere has been much evidence during 

subtropical nursery stock suffered severe damage except 
where given adequate protection against low temperatures. 

The pouring of concrete in the open was discontinued 
during the coldest periods, and ninny calls for forecasts 
were received from contractors, both in person and by 
telephone. 

GENERAL ASPECTS O F  THE FREEZE 

The spectacle of thousands of orchardists fighting to 
prevent the loss of practicnlly everything they owned, 
aided by every ngency both public and private that could 
possibly be of assistance, bafEes description. The must 
intensive fight was waged to secure fuel to keep the orchard 
he:i ters burning. 

Railroad companies had a very vital interest,, almost as 
deep :is the growers themselves, in preventing damage to 
trees and crops, since much of their annual revenue comes 
from the movement of the fruit. On the strength of the 
first w-nrning of impending cold, before the arrival of the 
freeze, one railroad comp:iny began to bring tank cars of 
everv description from all parts of its line into southern 
California. More than a hiindred cars which had been 
used to transport cocoanut oil were rushed south from the 
the Snn Brmcisco Bay region. Cars which had been used 
to carry gnsoline, molasses, alcohol, road oil, and even fish 
oil were concentrated in southern Californin for the niove- 
nient of orchnrd heater oil. There was no time for cleaning 
the cars, and many a gallon of niolasses was burned in the 
heaters during the freeze. Delivery of cars to the great 
number of destinn tions in the citrus districts involved 
large scale switching operations, necessitating a large 
nuniber of trains. At times as many as a dozen oil triiins 
operated siinultaneously along a 50-mile railway line. In 
order to simplify operations and minimize confusion, all 
tank cars were pooled by the railroads, regardless of 
ownership. 

All railroad crews in southern and centrnl California 
were pressed into service, and as the fuel shortage became 
more twtrte addition.zl crews were brought in from as far 
east ns Texas and as far north as San Francisco. Train 
crews were worked the legal limit of 16 hours, given 8 
hours rest a t  whatever point they happened to be located, 
and put back to work. Movement of every other type of 
freight except the most perishnble was subordinated to 
movement of oil. For several days a t  a time oil was 
moved almost exclusively. Near the end of the second 
freeze the railroads notified the citrus growers that their 
own supplies of oil for locomotive fuel were practically 
exhausted and the cars would have to be diverted to their 
own use if rail operations were to continue. Orchard 
heater oil transported by rail during the freeze period 
totaled 4,435 12,000-gallon carloads. At one time un- 
filled orders for more than 1,500 carloads of oil were on 
file a t  the cooperative purchasing agency of the California 
Fruit Growers Exchange alone. 

Motor tank trucks were similarly mobilized before the 
freeze, many being brought to southern California from 
points 500 miles distant. Trucks were pressed into service 
which had been used to haul such commodities as honey, 
cider, and even oil-well mud. Junk yards were combed 
for any tank trucks which could move under their own 
power, and permission was granted by the State to operate 
them without license plates. Trucks were lined up for 
more than a mile a t  loading points. Ice companies, milk 
distributors, and autoniobile truck dealers all cooperated 
in moving oil to groves. Fuel transportation continued 
with feverish speed both day and night. County road 
crews were kept busy sanding roads which had become 
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slippery with spilled oil. Caravans of oil trucks were 
convoyed a t  full speed by highway traffic officers from oil 
refineries to citrus districts, where they scattered to grope 
their way through the heavy smoke to their various 
orchard destinations. Disputes over oil deliveries, and 
ownership of oil in community tanks were numerous and 
resulted in many court suits later. 

Diversion of trucks to orchard-heater fuel service inter- 
fered seriously with fuel-oil delivery for heating buildings, 
and guests shivered in many a large hot,el and apartment 
building. Development of the heaviest demand for 
natural gas ever experienced made it necessary to curtail 
supplies for industrial use and many factories were forced 
to close temporarily. Laundries were particularly hard 
hit, due to the tremendous increase in volume of business 
caused by the smoke and soot, and the dificulty in keeping 
fabrics clean after laundering, as well as the shortage of 
gas for plant operation. 

Discarded automobile tires were brought in from in- 
crensingly-distant points for orchard heater fuel, and the 
price rose steadily from 10 dollars per ton a t  the beginning 
of the freeze to 50 dollars per ton near the end. I n  
some cases growers, unable to secure orchard heater oil, 
bought up all the kerosene obtainable in their vicinity ~ i i d  
burned it in their heaters. One grower, unable to main- 
tain a satisfactory temperature in his grove with his 
heaters, burned additional oil poured into holes scooped 
in 6he frozen ground. 

The orchard heater fuel situation was desperate in 
many localities on the night of January 23. In  the 
Redlands district oil was available for only one-half the 
heaters during the day and storage tanks were dry. The 
arrival of a trainload of oil a t  9 p. m. was too late for a 
few groves but averted disaster in most cases. 

Irrigation water, poured into orchards during the 
r/ second freeze in the hope that it would lessen crop dam- 

age, froze rapidly, and was still solidly frozen 4 days later. 
Fish ponds and other still.water remained solidly frozen 
throughout both freeze periods, and the Santa Ana River, 
reduced to creek size by diversion for irrigation, was 
completely frozen on January 24. Icy streets and high- 
ways, heretofore unknown in southern California, created 
serious traffic hazards. Falls on icy sidewalks caused 
many injuries. I n  Los Angeles a can of milk fell from a 
truck and the milk froze on the street car tracks, causing 
a wreck which injured 14 passengers. Water pipes froze 
in many southern California cities, and in one citrus belt 
town two trucks were kept busy turning off water a t  
residence meters to prevent damage. In  the Imperial 
Valley stock went without water because of heavy ice 
forming on watering troughs, and repair shops reported 
more than 100 tractor and 200 automobile radiators 
damaged by freezing. At Oroville, in the Sacramento 
Valley, ice thick enough for skating formed on the Feather 
River and remained for several days. 

Ths fight to supply fuel to the orchards and to keep 
hea.ters burning to save the crops took place under a thick 
black canopy of orchard-heater smoke, so heavy that it 
started operation of automatic fog. horns a t  Los Angeles 
harbor and necessitated the burmng of street lights in 
some citrus belt cities until after noon. In  some localities 
heaters were lighted a t  4:30 p. m. and were not extin- 
guished until 12:30 p. m. on the following day. 

Fruit growers, including retired professors, physicians 
nnd business men, unshaven and incredibly dirty, did not 
leave their orchards in some cases for 3 days and nights, 
having their meals brought to them and eating while they 
worked. Considering the age and state of health of many 

’ 

of the growers, there were surprisingly few deaths from 
over-esertion and exposure. Outstanding was the loyalty 
of the men hired to handle the firing and filling of the 
heaters. The battle to save the crop seenied to imbue 
them with the same spirit they might have had if they were 
defending their own homes agpinst an invading army. In  
some cases firing crews recrmted a t  the beginning of the 
freeze, personally unknown to the grower, worked doggedly 
day and night wthout supervision when the grower became 
suddenly ill. Hired men often worked 45 consecutive 
hours without sleep. A few were removed to hospitals 
when they collapsed due to physical exhaustion. 

It was impossible to fill the heaters without spilling oil, 
and many laborers worked in oil saturated clothing. 
Oil covered limbs were rubbed raw in the process of carry- 
ing buckets of oil to fill heaters. Shivering men stopped 
a moment to warm themselves a t  a burning heater and 
were burned to death or suffered serious injury when their 
oil-soaked clothing ignited. Explosion of heaters during 
refilling operations was responsible for other serious inju- 
ries. Strangely enough, fdling of heaters while still burn- 
ing proved to be a safe operation. Explosions occurred 
in filling heaters which supposedly had been extinguished, 
but which contained smoldering soot which ignited gases. 
Traffic accidents were frequent due to the heavy smoke. 

Many fore-sighted growers avoided accidents to  orchard 
workers by requiring every employee to change clothing 
after filling heaters, and insisting that no heaters be filled 
until they had been lighted. The manager of one large 
orchard purchased 200 pairs of overalls for his men a t  the 
beginning of the freeze, a11 that could be obtained in a 
citrus belt city. In  one 48-hour period more than 200 
gallons of coffee were served to the men on this one ranch. 

Schools were closed generally in citrus belt cities during 
the freezes due to the heavy smoke and the difficulty in 
keeping buildings warm, and also because a large propor- 
tion of the students were needed a t  home to assist in the 
battle to save the groves. Many stores were closed “for 
the duration of the African fog.” In  other stores mer- 
chandise which might be damaged by smoke was kept 
under heavy canvas covers and shown only on request. 
Housewives covered their furniture, removed drapes and 
curtains, and in some cases sealed doors and windows with 
tape. 

The strain on everyone connected with the citrus 
industry, from the growers to the heads of marketing organ- 
izations, was terrific throughout the progress of the two 
freezes. The cold and the all-pervading smoke made the 
life of the ordinary citizen unpleasant, but it was not until 
the freeze had passed that a spirit of sympathy and 
cooperation changed in a few localities to criticism and 
complaint. 

As usual in such crises, a few people with no practical 
knowledge of meteorology or orchard heating hastened to 
give their views to the newspapers, adding to the con- 
fusion and increasing the difficulties of the harassed 
growers. One newspaper article ascribed the low tem- 
peratures to orchard heater smoke and stated there would 
have been no freeze without smoke. In  districts where 
the smoke was heaviest it unquestionably interfered with 
the normal morning rise in temperature, but a comparison 
of temperature records from the smokiest areas with those 
obtained in districts where there was no orchard heating 
and no smoke a t  any time proves definitely that the effect 
on the niasimum temperature of the day was almost 
negligible. The absurdity of the argument is further 
demonstrated by the fact that the lowest temperatures in 
any of the citrus districts occurred in sections where 
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there WHS no smoke; in fact, the records show thtit mini- 
mum teinperntures in unheated groves in the sniokiept 
nrens were iiiucli higher than they would have been i f  
there litid been no orchard heating. The great quantities 
of frigid air pouring into southern California throughout 
the freeze prriocls, and the fact that tlie morning ri3e in 
teniperature is slower nnd begins later when the groniid 
surhce is frozen were entirely ignored. hlininiuin ceni- 

heating and no smoke, normally are the same 11s or higher 
than those in the Poinona district, where niore than ST) 
percent of the groves itre equipped with heciters, duriiig 
moderately cold periods with little heatiog :it Pomo~ia. 
Tlir lowest temptnture registered in the Pornoilti district 
duriiig the freeze wiis 20.5’ F., ut n station fairthest from 
any orchard heating operations, while the lowest teni- 
pernture in the Imperial Valley was 12’ F. Generdly 
speaking, tlie norinnlly coldest areas N ere wirniest 
during the freeze, due to  the greater concentration of 
heating equipment . 

Another published article stated, “If tlie teiiiperiitiire 
does not increase rapidly with altitude and does not re:rcli 
32’, henhip is futile.” If this statement were true, 
orchard heating woultl have been futile througliout most 
of the citrus districts of the State during the coldest, nights 
of the freezt. It is true that the protection of leiiioiis in 
the Sacramento Vdley proved impnictical with stnndard 
orchard lienting equipment during the secontl freeze when 
the teinperat!ure fell to 15’ F. accompanied by a strong 
wind, but more than half the crop W:LS carried tlirotigll the 
first freeze without damage, wit8h outside temperature of 
22.5’ F. accompanied by a strong wind, a~tcl 15. 5’ F. 
without miatl. I n  Tulare County there was loss of lernoris 
and some leinon tree clamage in isolated groves equipped 
with heaters, when the temperature dropped to 14’ B. 
I n  all cases, however, in which stanclard heating equip- 
ment was properly used the contrast between heiited aiid 
unheated groves was very marked. 

In southern California heating was uniformly eff ec tire 
in groves with standard equipment efficiently halidled, 
although there was some dnniage in groves lsith tno siii2ill 
a number of heaters to tlie acre. Tenipenttures over 
large areas were held hour after hour at %OF. with out- 
side temperatures of 19’ F. In normally cold districts 
with n high percentage of the totnl acreage equipped with 
heaters, there was little or no d:image in groves not 
equipped with heaters. Lowest teiiiperatures were regis- 
tered in nearly all cases at stations located farthest from 
heated sections. 

Growers have been urged for niaiiy years to “stngyer” 
their orchard heaters in the groves, i. e., to place heaters 
in every row rather than to concentrate them in idternrite 
rows. Soundness of tlus advice WILS amply demonstrntecl 
during the 1937 freeze, P,S it had been in previous freeze 
years, by the damaged fruit in the ‘idark” rows. There 
is no questioning the fact that radiation of heat directly 
from the lienfers to tlie trees and fruit. plays an extremely 

peni tmes in the Imperial Valley, where there w i  ‘ s 110 

important part in orchard heater protection, especially 
during nights with wind and little or no temperature in- 
version near the grouncl. Since this influence cloes not 
appear in sheltered thermometer readings, the grower is 
likely to underestimate tlie eflec tiveiiess of his orchard 
heating operatioiis under freeze conditions. 

Tlie anioiiiit of orcliitrcl heater oil consumed durinp the 
freezes has been estimated all the way from 82,000,000 
gallons, costing $4,000,000 in the heaters, to 100,000,000 
gallons, costing $5,000,000. (‘0st.s nf operilting the 
heaters varied so greatly that estimates are of little value. 
Estiniates of %10,000,000 for fuel :ind lilhor lirlve been 
gerierelly accepted HS a~)prosinintely correct. 

The strike which tied up iiiany ship’ on tlle Pacific 
Ocem liaritlicapped forecnsting during the freezes, but 
resulted in an acciimultttion of clje5el oil due to lack of 
tlt.ni:ind for ship fuel, without which orclinrd lies ter fuel 
w.oulcl have been completely eshaustetl before the end of 
the second freeze. 

Esperieiice gained during the freezes h:is resulted in the 
inst:illtltion of ninny new oil-storage tanks in the orchard 
tiistricts, ant1 the eidargeinent of loading ntclis to handle 
the filling of H larger niiniher of trucks simultuneously. 
The type rml nniouiit of orcliartl-lrettting equipment 
needed to render arlecp~te protection to crops under 
estreme conditions has been intlicatetl definitely. The 
fact that trees aiid fruit can Le protected tigninst extremely 
low teinper,rtures, with little or 110 temperlitwe inversion 
near tlie growid lias again been denionstratetl. 

After the excitement of fighting the freezes lisd passed 
rmcl the orchards and the iiwjor portion of the crop had 
been s:t\-ed, a great hue and c r y  arose over the smoke 
nuisance. Sererd citrus belt counties passed ordinences 
limiting tlie output of smoke per lienter in a given period 
of time. Inventors brought forth dozens of new heater 
t lesigns, prtlc t ically ti11 of them wit 11 ( ) t i t  practicitl value. 
As A mtitter of fnrt, practical men have been working 
constantly during the past 20 years to iniprove tlie com- 
bustion of orchard heaters, and rar!icnl improvenient 
tip1wt:rs very unlikely considering the rigid limitations 
of cost n-liich the grwxer is able to bear. Equipment now 
in w e  c m  be nietle to consuiiie n g00d grade of diesel oil 
with very little smoke per lienter, but even if the sinoke 
cnitput of every heater were cut to the niinimum, the 
simultaneous burning of the 4,000,000 units in use woultl 
still create an objectionable amount. Burning of heaters 
with a niinimiini of smoke requires use of clean oil and 
thorough cleaning of burners a t  frequent intervals. 
Growers seldoni tnke time to clem equipment even in 
ortlinaiy winters, and under freeze coiiditions such us 
those of 1937 cleaninq is practically out of tlie quertion. 
Oil quality also deteriorates iinder such emergencies. If 
the geiierd public insists on smokeless skies when the 
nest freeze occurs, it undoubtedly will have to be at the 
cost o€ a tremendous loss to the citrus industiy, m d  in- 
directly to tlie public, both in California aiid throughout, 
the Nation. 


